INTRODUCTION
Recently, a novel notion has arisen in clinical medicine: nonalcoholic fatty liver disease (NAFLD), representing a spectrum of conditions ranging from asymptomatic simple steatosis to steatohepatitis and cirrhosis [1] . NAFLD has come to be one of the most frequently encountered conditions in daily clinical practice, recognized as a serious and growing clinical problem since the 1980s [2] . This sudden change is suspected to result primarily from environmental factors, including sedentary behavior and overeating in our current affluent society. NAFLD is known to be strongly associated with obesity and its sustaining conditions, leading to an increased risk of cardiovascular disease. It is correlated with all-cause mortality in both Western and Asian populations [3] [4] [5] . An epidemiological study estimated regional NAFLD prevalence in Japan to be 29.7% (41.0% for males and 17.7% females) [6] . Among these, the prevalence of nonalcoholic steatohepatitis (NASH) was estimated to be about 2.7%, according to the BAAT index (calculated using BMI, age, ALT, and triglyceride) ≥ 3 [6] .
Despite the high prevalence of NAFLD, treatment options are limited. Currently, there is an overall paucity of evidence for available pharmacologically-and surgically-proven benefits for treatment of NAFLD. These approaches may be exclusive to certain patients with NAFLD because they remain too expensive and risky to be applied to the general population of patients with NAFLD. By contrast, weight loss via lifestyle management has been confirmed as a first-line therapy through a growing body of evidence for the treatment of NAFLD. However, lifestyle management generally results in only modest weight loss. It is very difficult for patients to achieve and maintain an optimum range of body weight. Therefore, strategies that efficiently improve NAFLD in the absence of weight loss are of major practical significance. A novel notion has arisen in clinical medicine: non-alcoholic fatty liver disease (NAFLD), representing a spectrum of conditions ranging from asymptomatic simple steatosis to steatohepatitis and cirrhosis. Even though there is a pressing need to treat this disease, the treatment options are limited. Previous studies have confirmed that weight loss via lifestyle management has proven to be successful. This is now accepted as the first-line therapy. In those studies, improvements of liver function and hepatic steatosis were noted when weight loss of around 3% to 10% of body weight was achieved. However, optimum weight loss and its management are difficult to accomplish. Subsequent studies showed that when weight loss was achieved independent of exercise, additional beneficial effects were observed in addition to weight loss. Exercise with a diet regimen brought even more benefits. Because of this substantial evidence, exercise should be proposed as another strategy for NAFLD treatment, regardless of weight loss. This review was aimed at providing a succinct, comprehensive overview of the diagnosis and management of NAFLD, highlighting the need for routinization of the role of exercise in NAFLD management, and at elucidating the mechanisms behind the benefits of exercise, with relevant studies.
Review

Exercise Medicine
Exercise may potentially be an option to help manage the condition. Therefore, we need to establish the role of exercise as a practical secondary strategy for NAFLD, irrespective of weight loss.
In this review, we provide an opportunity to explain every aspect of NAFLD concisely yet comprehensively, especially with respect to the diagnosis and management of NAFLD. We emphasized the importance of investigating the role of exercise in NAFLD management, using relevant studies to illuminate the mechanisms underlying the benefits of exercise.
Definition of NAFLD
NAFLD includes a wide spectrum of several clinical conditions in liver disease, including asymptomatic simple steatosis, steatohepatitis, advanced fibrosis, cirrhosis, hepatocellular carcinoma, hepatoma, and liver cancer. In NAFLD, these are associated with an elevated liver fat content that is not due to excessive alcohol use (over 10 g/day for females, over 20 g/day for males). A diagnosis of NAFLD is made when screening shows at least 5% of the liver's weight top comprise lipids [7] .
Not every patient showing simple steatosis reaches the subsequent cirrhotic stage; however, some patients can progress to such an advanced stage. Typically, cirrhosis is associated with a number of complications, including ascites (an accumulation of fluid in the peritoneal cavity), hepatic encephalopathy, and hepatic coma (occurrence of confusion, altered level of consciousness, and coma as a result of liver dysfunction), variceal hemorrhage (loss of blood in the gastrointestinal tract, from the pharynx to the rectum) and hepatorenal syndrome (rapid deterioration in kidney function in patients with cirrhosis or fulminant liver dysfunction) associated with a very poor prognosis [8] .
Progression of NAFLD
At first, the accumulation of lipids takes place in the liver, where it is initially called benign-asymptomatic steatosis. However, when oxidative and inflammatory conditions accumulate, this stage can progress further to steatohepatitis, with the formation of scar tissue, progressive fibrosis. The structural alterations broaden because of degeneration in hepatic function, leading to cirrhosis [2] (Figure 1 ).
a. Hepatic steatosis
The accumulation of hepatic lipids in the first stage of NAFLD is a function of four sources − circulating non-esterified fatty acids (FFA) from dietary intake and adipose tissue (mainly visceral fat), hepatic β-oxidation, de novo lipogenesis, and very low density lipoprotein (VLDL) synthesis, from both export and clearance [9] .
Adipose-derived FFAs are dominant contributors to liver fat accumulation, accounting for 60% of liver fat in obese individuals with NAFLD [10] , with de novo lipogenesis and dietary-derived FFAs accounting for an estimated 26% and 15% of hepatic lipids content, respectively. Progressive insulin resistance in adipose and muscle tissues is thought to play a primary role in the increased levels of FFA. The insulin resistance in adipose tissue manifests as a decrease in the beneficial function of lipolysis suppression through insulin signaling, which in turn leads to an increased efflux of FFA [11] . This hyperinsulinemia induces activation of transcriptional regulator lipogenic factors, including sterol regulatory element binding protein-1c (SREBP1c), fatty-acid synthase, carbohydrate responsive element-binding protein, and peroxisome proliferator-activated receptor γ [12] , as well as inhibition of β-oxidation and excretion of FFA [13] , all leading to a vicious cycle [14] .
b. NASH
Asymptomatic steatosis in the liver is thought to have a benign clinical course in most NAFLD patients [5] . However, NASH represents the stage when asymptomatic steatosis begins to show hepatic oxidative/inflammatory changes [2] . In the pathogenesis of NASH, these processes are based on a "traditional two-hit hypothesis" [15] . The 'first hit' , hepatic lipid accumulation, is most susceptible to damage, mediated by the 'second hit' , including endogenous compounds in liver cells and environmental toxins, leading to NASH, fibrosis and cirrhosis, i.e., inflammatory cytokines, adipokine imbalance, glucocorticoids, gut-derived endotoxin, bacterial overgrowth, endoplasmic reticulum stress, mitochondrial dysfunction, and oxidative stress [3, 16] .
However, the "modified two-hit hypothesis" [15] recognizes that liver fat directly causes the liver damage that results in NASH. This modified hypothesis provides substantial evidence that overproduction of FFA as a result of overeating, obesity, and insulin resistance can directly induce toxicity by increasing levels of oxidative stress (lipid peroxidation) and by activation of inflammatory signals, e.g., nuclear factor-κB (NF-κB) [17] . Therefore, patients with NASH tend to have higher levels of oxidative stress and inflammation than do patients with simple steatosis [18, 19] .
c. Fibrosis and cirrhosis
Fibrosis, and its more advanced stage, cirrhosis, represent the final histological pathway of many types of chronic liver diseases [20] . Typically, these stages occur as a result of reparative or reactive due to asymptomatic steatosis [21] . Cirrhosis is an advanced stage of fibrosis associated with regenerative nodules. It is variable, and generally leads to irreversible loss of liver function. These stages are explained by the "third-hit hypothesis" [15] , which reflects inadequate hepatocyte proliferation after onset of NASH. Cell death stimulates the generation of new hepatocytes to compensate for dead cells and to repair tissue function [22] . However, increased oxidative stress in the progression of NAFLD reduces the ability of hepatocytes to proliferate, resulting in the recruitment of other pathways of hepatic regeneration, including the expansion of hepatic progenitor cells [23] . Therefore, this damaged proliferation of hepatocyte progenitors contributes to the advancement of fibrosis in NAFLD progression as the 'third hit' [15] .
Clinical features of NAFLD
Most patients with fatty liver are asymptomatic and are diagnosed only after tests show abnormal liver function [24] . When these conditions are advanced, they are associated with physical symptoms, including fatigue, malaise, diffuse pain or pain in the upper right quadrant, and appearance of hepatoma. These symptoms are extremely substantial in patients with NASH or early stages of cirrhosis. Clinical signs including ascites, variceal hemorrhage, hepatosplenomegaly, stigmata, bruising, and jaundice caused by cirrhosis may be present, but they are less frequent [18] . Metabolic pathophysiological conditions are strongly linked with the severity of NAFLD. Therefore, most patients with NAFLD show clinical features of metabolic abnormalities including type 2 diabetes mellitus, insulin resistance, obesity and hypertriglyceridemia (increased levels of triglyceride), pro-inflammatory, and adipokines [2] . It is also likely that hepatic iron accumulation (elevated serum ferritin levels) is associated with the development of NAFLD [24] .
Treatment for NAFLD in weight loss
At present, weight loss is recommended as optimal management for NAFLD [3, 25] . Weight loss with lifestyle changes consisting of reduced caloric intake and increased physical activity has shown considerable improvements in terms of liver function tests (AST −59% and ALT −67% [26] ) and decreased liver fat content (44% to 58% [27] ) when a body weight loss of 10% is attained. It is also possible to obtain a hepatic benefit in weight loss of < 5.0% [28] [29] [30] . Most studies have suggested that a combination of dietary restriction and physical activity clearly impacts liver function tests and hepatic steatosis when a reduction of 3% to 10% of body weight is attained. However, weight loss via lifestyle management in daily life tends to be quite modest, and moreover, is quite difficult to achieve and maintain.
Exercise in NAFLD
The specific benefit of exercise in improving NAFLD has been demonstrated in interventional studies. Improvements in liver enzymes and metabolic abnormalities in obesity were independent of detectable reductions in body weight [31] [32] [33] [34] (Figure 2 ). In addition, cross-sectional studies have shown that higher physical activity levels are associated with lower levels of NAFLD pathophysiology [35] [36] [37] . In addition, there was an inverse correlation between NAFLD outcomes and cardiorespiratory fitness [38] [39] [40] . However, there are presently no specific guidelines and little available information regarding the benefits of exercise in NAFLD. In particular, the mechanisms underlying the benefits of exercise are not well clarified with respect to the pathophysiology of NAFLD. 
Mechanisms behind the effects of exercise on NAFLD pathophysiology
Exercise markedly accelerates FFA oxidation because of the increased respiration rate by stimulated skeletal muscle. FFA oxidation in exercise increases with duration and intensity, and remains in an elevated state for hours after exercise stimulus [41] . The adaptive response to exercise includes several factors that contribute to benefits, including increased mitochondrial biogenesis and capillarization for activities involved in FFA uptake, β-oxidation and fat storage in muscle [41] , resulting in the excretion of FFA from the liver. Hannukainen et al. (2007) [42] reported that exercise reduced hepatic FFA uptake, and that increased FFAs were released to muscles via hepatic FFAs extraction because there was no observation of a fall in portal vein blood flow during exercise. In addition, there is likely a cumulative effect of the benefits of exercise for the liver. This contributes to the reduction of subcutaneous and visceral adiposity over time [43] , and consequently reduces the accumulation of FFAs in the liver.
The feasible benefits of regular exercise also suggest the significance of improvements in the function of adipose tissue, regardless of weight loss, including modifications in insulin sensitivity and adipokine imbalance [9] . Such insulin sensitivity-induced regular exercise in adipose tissue suppresses increased lipolysis with impaired insulin action The level of insulin resistance in adipose tissue is correlated with hepatic lipid levels in patients with NAFLD [43] . By ameliorating insulin resistance through regular exercise, lower FFA levels in the patients' circulation were attained [44] .
Another possible mechanism is lowering hepatic FFA uptake and increasing FFA availability. In the context of weight loss by calorie restriction, decreases in hepatic lipids paralleled the reduction of hepatic FFAs uptake, despite similar basal FFAs levels [45] . Such a result suggests that the liver is not only a passive site for adipose tissue action, but it is also an active regulator of hepatic FFA uptake. It is likely that the uptake is controlled [46] via expression of the FFA translocator or the cluster of differentiation 36 (CD 36). Exercise regulates lipid metabolism via altered expression of CD 36 [47] . Recent studies have shown that exercise increased VLDL secretion and clearance [48] in the liver, but the contribution of VLDL lipids-derived FFAs is inconsequential compared with that of adipocyte-and intramyocellular lipids-derived lipolysis [41] . Exercise may control hepatic lipids by directly increasing β-oxidation and inhibiting lipogenesis in the liver [9] . Low cardiorespiratory capacity increases the level of sterol regulatory element binding protein 1c (SREBP-1c), a lipogenic transcription factor known to regulate genes promoting triglyceride production. According to Thyfault et al. (2009) [49] , when compared with sedentary rats, rats with a high level of fitness had lower visceral adiposity and less insulin resistance due to SREBP-1c inhibition. The mechanism suggested by this group was that peroxisome proliferator-activated receptor-δ, involved in the regulation of hepatic lipogenesis, acts by suppressing SREBP-1c activity and by inducing the expression of insulin-induced gene-1 [50] . The signal for these adaptations is strongly related to an increase in adenosine monophosphate-activated protein kinase (AMPK), which is activated by the increased exercise stimulus. Up-regulation of AMPK was shown to reduce malonyl-coenzyme A, which regulates FFA entry and β-oxidation in mitochondria, as well as lipogenesis and insulin resistance. These effects are controlled by adiponectin, which activates AMPK in the liver. Adiponectin levels have been shown to increase as a result of exercise, demonstrating an independent benefit of weight loss.
Recently, some investigators have reported that exercise may modulate Nrf2 (nuclear factor-E2-related factor 2) signaling in rat kidney [51] , mouse heart [52] , and human skeletal muscle [53] . The transcription factor Nrf2 is a master regulator of the antioxidant responsive element-driven cellular defense system against oxidative and electrophilic stresses. Activation of the Nrf2 regulatory pathway has been shown to improve pathological factors. These include inhibition of lipid accumulation in the liver and inflammation by the nuclear factor NF-kappa B pathway, reduction of oxidative stress by superoxide dismutase and catalase activities, and reduction of hepatic fibrosis by inhibition of transforming growth factor beta 1 [54] . Therefore, Nrf2 activation through exercise stimulus might be the key factor for the therapeutic efficacy of exercise in NAFLD. However, the mechanisms of Nrf2 activation and its downstream transcriptional regulation of antioxidants have not been clearly elucidated to date.
CONCLUSIONS
It should be emphasized that the general public have misconceptions about the primary role of exercise. Exercise does not function simply as a weight control therapy, but it can potentially reverse disease progression, or at least lessen the risk of complications. In the fields of clinical medicine and physiology, the benefits of exercise are apparent. These benefits include ameliorated insulin resistance, improved lipid content and function, decreased inflammation and oxidative stress, improved health at the organ level, and prevention of other complications beyond weight reduction [9] .
Body weight reduction should be the ultimate target of NAFLD treatment. However, the advantages and accrued effects of exercise in combination with a diet regimen should be scrutinized as the secondary treatment option for NAFLD [55] [56] [57] [58] . Moreover, there is an increasing need to comprehend the molecular mechanism modulations that accompany direct and indirect facilitators induced by the exercise benefits for NAFLD. The management and initialization of exercise should be further investigated, including exercise dose, intervention, and the beneficial impacts of well-programmed exercise. Further reports on means of promoting exercise will aid in the establishment of time-and quality-efficient regimens that will not only improve overall health of patients, but patient commitment as well.
We suggest that patients with NAFLD should be encouraged to pursue the beneficial effects that can be acquired through exercise. Treatment of NAFLD should include evaluating the levels of cardiac function and physical capacity, as well as the setting of goals based on the attainment of sustainable exercise habits. We strongly recommend 30-60 minutes or more of moderate-to vigorous-intensity aerobic training on a continuing basis at least 5 days per week [59] . Moreover, moderate-to vigorous-intensity resistance training 3 days per week might also be required, in particular for enhancing insulin sensitivity [60] . Of course, the suggested exercise doses and modalities cannot be established as a starting point. These are intended as an optimal goal following a gradual increase in exercise [61] . It is not an easy task for most patients with NAFLD, but we strongly believe that such exercise habituation will provide definitive benefits related to hepatic steatosis and its associated pathological conditions, even in the absence of weight loss.
